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Scheme 1 Structure of hyperbranched polymer
1.3 PA6 1.4
MPP Nicolet 6700
HPPEA: MPP  1:1 1 KBr . '"HANMR *'P-NMR
Brabender 6 Bruker<400 DMSO-d,
240C 50 r/min 8 min. Perkin-Elmer Diamond TG/DTA
Table 1 The samples of FR-PA6
Samples PA6 (wi%) HPPEA (wit%) MPP (wi%) 10 K/min 25 ~800°C.
PA6-0 100 0 0 M606 (
PA640 90 5 5 ) 100. 0 mm
PA6-15 85 7.5 7.5 x6.5 mm x 3.0 mm GB/T 2406-
PA620 80 10 10 93
PA625 75 12.5 12.5 AG5100B (
PA630 70 15 15 )
PA6-MPP 80 0 20

125.0 mm x13.0 mm x3.0 mm
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Fig. 1 TGA and DTG curves of HPPEA in N, and air
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Fig. 2 TG curves of the flame retardant system (a) and

the FRPA6 system (b) in N,
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Fig. 3 TG curves of the FR-PA6 sample in (a) N, and (b) air
PA6 :
6 600°C 6
HPPEA 0=
P—O 30 wt% 13.6 wt%
Table 2 T, ., and char residue at 600°C of the FRPA6 in N, and air
T v in N, T, y in air Charred residue in N, Charred residue in air
Samples
) c) at 600°C (wt% ) at 600°C (wt% )
PA6-O 290.9 285.3 =0 =0
PA640 267.5 289.3 4.2 7.1
PA645 253.9 276.0 6.2 10.0
PA6-20 255.9 264.2 7.9 12.1
PA6-25 249.9 258.8 9.8 13.4
PA6-30 248. 1 260. 1 13.6 16.4
PA6-MPP 270.2 268.5 6.1 8.5
TGA
3(b) 6 TGA
6
2 600C
30 wt% 16.4 wt%
6 13.6 wt% . HPPEA
T, v 5 20
wt% MPP 6
10 W% T,..  HPPEA
22°C.
2.3
6 PA6-0 PA6-0 PA6-25
HPPEA 4
6 Kissinger

6 170. 7 kJ/mol 142. 8



-6.6 2.4
—PA6-N,
Lol o bAGAr 5 PA6-0 PA6-MPP PA610
7. >
PA6-20
74
"% 240°C PA6-0
g
L T8 PA6-MPP 270 Pass
Q
E g2t PA6-0  282C
ool ‘ PA6-MPP 276
00l 2 PA640 PA6-20
- 132 134 136 1.38 140 142 37 Paes 11
U Tmaxx 10 (K™
Pa-s
—6.6 - == PA6-10-Alr 10 wt%
— PA6-10-N,
0l 268C 20 wi%
Né 741
&
Q78
= 7.8 6
8oL MPP
50 min
-8.6¢b, . . . . HPPEA
1.44 1.47 1.50 1.53 1.56
U Tmaxx 10 (K™
—6.6 - - PA6-25-Air
S — PAG-25N, PA640  PA6-20
7.0
10% PA6-0
o -
%741 - [ o PA6-10
T & [oPhomrp
< v -
s —7.8F = i
z >
82} N ERTO
- L
-8.61 Cl 1 1 1 E’
1.47 1.53 1.59 1.65 g
S
UTmaxx10° (K') o
1|a
Fig. 4 Determination of activation energy by Kissinger method 10 230 22‘0 25'0 260 2,'70 2é0 2(;0 3(')0
Temperature (°C)
kJ /mol. HPPEA /MPP 10°
o PA6
10 wt% 106. 3 = o PA6-10
7 A PA6-20
HPPEA e
5 102
=
6 5
=2
82.2 kJ/ g
@)
mol 80. 7 kJ/mol o'k
(Tl Wi ) b . . . . . .
0 10 20 30 40 50
Time (min)
Fig. 5 Complex viscosity versus temperature and time for
PA6 the different samples



60 2011
38 min 28 min LOI  21.1
HPPEA LOI
6 30 wt% LOI
29.2. 20 wt%
UL9Y94 V=2
2.5 6 20 wt% UL94 VO
3 6 MPP 20 wt%
(LOD) UL-94 UL94 V0
Table 3 The flame retardant behavior of the FR-PA6
UL-94
Samples A ty Lo+, Melt Secondly Flame-retardant LOI
(s) (s) (s) dripping ignite rating
PA6-0 7.8 3.5 11.3 + o+ o+ YES V2 21. 1
PA640 5.9 0.5 6.4 + + YES V=2 25.1
PA645 6.4 2.1 8.5 + + YES V=2 25.5
PA6-20 3.1 2.5 5.6 + NO V-0 27.3
PA6-25 5.8 1.5 7.3 + NO Vo 28.6
PA6-30 6.4 0.3 6.7 + NO Vo 29.2
PA6-MPP 4.5 0.4 4.9 + YES V=2 26.9
a
¢ f
Fig. 6 Photographs of the samples after combustion
a) PA60; b) PA6MPP; ¢) PA6-10; d) PA615; ¢) PA620; (f) PA625; g) PA630
6
SEM MPP
HPPEA HPPEA HPPEA
6 ( 6a)
MPP(  6b) 7 MPP
HPPEA ( 6c ~6g) MPP
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Fig. 7 SEM photographs for residues of samples
a b) PA6-MPP; ¢ d) PA620
a) PA6-MPP x200; b) PA6-MPP x500; c¢) PA620 x200; d) PA620 x 500
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PROMOTION EFFECT OF A HYPERBRANCHED POLYPHOSPHATE ESTER
FLAME RETARDANT ON CHAR FORMATION OF POLYAMIDE 6

FANG Keyi' LI Juan' KE Chenhao' ZHU Qiliang' TAO Kang' YAN Qing' WANG Yuzhong’

(' Ningbo Institute of Materials Technology and Engineering Chinese Academy of Sciences Ningbo Key Lab of Polymer Materials Ningbo 315201)
C Center for Degradable and Flame-Retardant Polymeric Materials College of Chemistry Sichuan University Chengdu 610064)

Abstract A hyperbranched polyphosphate bisphenol-A ester flame retardant ( HPPEA) was prepared by
using phosphorus oxychloride and bisphenol-A. The structure and thermal stability of the product were
characterized by Fourier transform infrared spectrometer ( FTIR) nuclear magnetic resonance spectrometer
('H-NMR *'P-NMR) and thermogravimetric analysis (TGA) . Branching degree of HPPEA determined by *' P—
NMR spectrogram was about 51% . HPPEA combined with melamine pyrophosphate ( MPP) was incorporated
into polyamide 6 (PA6). The flame retardant and thermal properties of the flame retardant PA6 (FR-PA6)
were studied through limiting oxygen index (LOI) and UL-94 vertical burning and TGA tests. The results
showed that the LOI for flame retardant PA6 was improved to 27. 3 from 21. 1 for PA6 and UL-94 V-0 rating
was achieved with 20 wt% flame retardant. According to TGA results the char yield of FR-PA6 at 600°C was
also increased to 16. 4 wt% in air atmosphere and 13.6 wt% in N,. Combining with the study of kinetics of
thermal degradation and complex viscosity of FR-PA6 samples clearly synergistic effect existed between
HPPEA and MPP which improved cross linking and char forming of PA6. Furthermore morphology of char
residues of FR-PA6 samples was also investigated by SEM method. Honeycomb and compact char layer was
found which effectively protects the internal structure inhibits the heat transmission and reduces the fuel gas
during combustion.

Keywords Hyperbranched Polyphosphate bisphenol-A ester Flame retardant Polyamide 6 Char forming



